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Community-acquired pneumonia is an acute disease that may occur at any age. The overall rate ranges 2.6-13.4 cases per 1,000 persons annually [1, 2] , with a high mortality rate. Indeed, pneumonia is the fth to ninth leading cause of death in developed countries [3] [4] [5] [6] . However, few population-based studies of community-acquired pneumonia treated in the primary care setting have been undertaken [1, 2, 7, 8] . In a meta-analysis of the prognosis and outcomes of communityacquired pneumonia [9] , only six of the 127 studies included in the review were carried out in ambulatory cohorts with radiographic con rmation, and one of the conclusions was that future investigations should focus greater attention on studying ambulatory patients.
The small number of cost-of-illness studies that have been undertaken in the primary care setting have usually been limited to the assessment of consumption of resources. In Spain, the cost of inpatient care for community-acquired pneumonia ranged " (euros)1,210-1,847 [10, 11] , whereas the cost of treating pneumonia in hospital outpatient clinics was " 150 [11] . Only one study was identi ed in which the costs of care in the primary care setting in relation to a paediatric population were calculated, and the total cost per episode was " 72 [12] . All studies, however, have consistently shown that the costs of treating community-acquired pneumonia in patients requiring hospitalisation are four to eight times higher than the cost of outpatient care [11, 13] . It seems that length of hospital stay is the variable primarily affecting costs of care [14] [15] [16] [17] . In this respect, various studies have been conducted with the aim of establishing different strategies for reducing the percentage of hospitalisations and the length of stay [18] [19] [20] [21] .
For the purposes of the present study, the economic costs may be estimated from a social perspective as well as from the perspectives of the healthcare provider, the medical centre or the patients themselves. The objectives of this populationbased study were: 1) determination of the consumption of resources for treating community-acquired pneumonia; 2) comparison of the costs of care according to therapeutic decision, i.e. hospital admission versus outpatient care; and 3) development of a proposal yielding substantial cost savings. Costs were quanti ed from the perspective of the Catalonian healthcare service [22] , which is the healthcare provider in Catalonia, given that healthcare management in Spain has already been transferred to the local governments of the various autonomous communities.
Materials and methods
Between December 1993 and November 1995, a study was conducted in a mixed residential/urban industrial population of the Maresme region of the Mediterranean coast in the province of Barcelona, Spain. All subjects aged>14 yrs, living in the area (annual population 74,610 inhabitants) and exhibiting lower respiratory tract infection with previously unrecorded focal signs on physical examination of the chest, and a de nite diagnosis of community-acquired pneumonia con rmed by radiological ndings, were assessed. Communityacquired pneumonia was de ned as an acute lower respiratory tract infection, for which antibiotics were prescribed, associated with new focal signs on examination of the chest and a radiographic in ltrate indicative of pneumonia, which was required for all suspected cases. De nition of clinical suspicion included fever and respiratory symptoms (cough with/without expectoration and/or chest pain).
All physicians working in the 14 public primary care centres, private clinics and emergency departments of the reference hospitals participated in the reporting of cases. Patients with aspiration pneumonia or active pulmonary tuberculosis, or who were immunosuppressed (active cancer or acquired immune de ciency syndrome (AIDS)), had been discharged from hospital <7 days before the onset of symptoms or had come from nursing homes were excluded. Nursing homes in Spain are long-stay centres in which patients with chronic diseases requiring nursing care also live, such that pneumonia in these residents is considered nosocomial. Patients were followed until complete radiological resolution, and, in a second phase, those patients initially included in the study in whom the diagnosis was not conrmed because of a clinical progression and chest radiograph images not consistent with community-acquired pneumonia were excluded. The study was approved by the Ethics Committees of the participating hospitals.
Data were recorded prospectively and included the following: place of diagnosis; number of visits prior to diagnosis; antibiotic treatment prescribed; site of care; length of stay (for patients requiring inpatient care); duration of symptoms (fever, cough, chest pain, asthenia and dyspnoea); radiological resolution; number of visits after diagnosis or hospital discharge; and number of days required to return to normal daily activities (return to work in employed patients). Deaths related to any disease that occurred within 30 days after diagnosis were attributed to the community-acquired pneumonia.
The assessment of resources included primary care visits; general practitioner-initiated radiographs; general practitionerprescribed antibiotics; visits to the hospital emergency department; visits to hospital outpatient clinics; data on inpatient care, including length of stay; admission to the intensive care unit (ICU), antibiotics prescribed in hospital, transfer to another hospital, and readmission (any admission for the same cause within 1 month after diagnosis); number of days of inactivity; ambulance service use; and admission to a skilled nursing facility after hospital discharge. The use of health service resources and the corresponding costs were obtained from the 1997 of cial registered fees of the Catalonian healthcare service [22] , and converted to euros for the year 2001 using the consumer price index. Direct costs included visits to the primary care centre, the hospital emergency department, outpatient clinics, length of hospital stay, length of stay in a skilled nursing facility, ambulance transport and outpatient antibiotic treatment.
Inappropriate hospital admissions and stays in hospital were assessed by retrospective review of the patient9s chart. The risk classes de ned by FINE et al. [23] , based on a Pneumonia Severity Index (PSI) that strati es patients into ve risk classes, were used for assessing the appropriateness or inappropriateness of inpatient care. As shown in gure 1, speci c additional variables, information on which was available at the time of the decision to hospitalise, that increase the likelihood of a poor prognosis in low-risk PSI classes were used. Inappropriate lengths of stay were determined by a modi cation of the algorithm proposed by MARRIE et al. [17] ( g. 1). All cases with missing values were excluded from this assessment.
Statistical analysis
Continuous data are expressed as mean ¡ SD. The means of two continuous data were compared using an unpaired t-test or the Mann-Whitney U-test, and the means of three or more continuous data using analysis of variance or the KruskalWallis test. The relationship between two continuous data was assessed by means of Pearson9s product-moment correlation coef cient. Categorical data are expressed as absolute numbers and percentages. The Chi-squared test or Fisher9s exact test were used for comparison of categorical data. Patients who died during the study were excluded from the calculation of length of stay. Variables associated with the direct costs of treating community-acquired pneumonia in the univariate analysis (p<0.10) were included in a logistic regression model in which the effect of each variable on cost was adjusted by the remaining variables in the model. A p-value of <0.05 was considered signi cant.
Results
A ow chart detailing the composition of the study population is shown in gure 2. Of the 292 patients initially included in the study, 17 had AIDS and were excluded. In 51 patients, 50% of whom had been hospitalised, the diagnosis of community-acquired pneumonia was not con rmed at follow-up (rate of misdiagnosis 18.5%). Therefore, the study population consisted of 224 patients with communityacquired pneumonia, an annual incidence of 1.51 cases per 1,000 inhabitants. There were 126 males and 98 females with a mean ¡ SD age of 55.1 ¡ 20.5 yrs. Patients aged >65 yrs accounted for 37% of cases. A total of nine patients died, an overall mortality rate of 4%. Clinical characteristics, comorbidity and radiological ndings according to site of care are shown in table 1.
Consumption of resources
The majority (91.5%) of patients received treatment in public health institutions. The diagnosis of communityacquired pneumonia was made in a hospital emergency department in 79.4% of patients and in a primary care centre in 20.6%. Only 40.2% of patients were diagnosed with community-acquired pneumonia at the initial medical consultation, 38.1% had made a previous visit for the same symptoms, 19.1% two visits and 2.6% three or more visits, with a mean ¡ SD of 1.5 ¡ 1.0 visits. The number of visits before and after diagnosis of community-acquired pneumonia according to site of care is shown in Data are presented as mean ¡ SD or n (%).
# : Includes diabetes mellitus, congestive heart failure, asthma, chronic bronchitis, epilepsy, Parkinson9s disease, neuromuscular disorders, swallowing dysfunction, dementia, chronic liver disease, chronic renal insuf ciency and stable malignancy. (table 2) . The mean ¡ SD time to clinical resolution was 5.3 ¡ 5.5 days, return to work 22.9 ¡ 13.3 days, and return to usual activities 22.9 ¡ 15.0 days. Twenty days after diagnosis, only 55% of patients had returned to work.
The duration of treatment was 14.7 ¡ 6.1 days without signi cant differences in relation to site of care. Ambulatory patients were mostly treated with macrolides, whereas hospitalised patients were preferentially given cephalosporins (table 3) . A total of 18.6% patients had been treated with antibiotics prior to diagnosis of community-acquired pneumonia. Intravenous antibiotic therapy lasted for 6.6 ¡ 1.4 days. Radiological resolution was achieved at 35 days in 89.3% of survivors.
Costs of community-acquired pneumonia
The mean ¡ SD total annual cost of treating communityacquired pneumonia in the Maresme region was " 101,305 ¡ 85, 86.1% of which was incurred in association with inpatient care, 10.2% with primary care, 3.3% with care in skilled nursing facilities and 0.4% with ambulance services. Antibiotic therapy accounted for 22% of total costs (inpatient care 18.9%, outpatient care 3.1%) and visits before diagnosis 2.7%. As shown in table 4, costs were signi cantly higher in patients aged ù 65 yrs.
The cost of inpatient care was " 1,553 ¡ 542, of which 84.4% corresponded to hospitalisation, 10.2% to visits, 3.5% to stay in skilled nursing facilities, 1.5% to ambulatory treatment, and 0.4% to ambulance services. ICU treatment accounted for 15% of the costs of inpatient care. The cost of outpatient care was " 196 ¡ 86, of which 79% corresponded to primary care visits, 20.3% to antibiotic treatment and 0.7% to ambulance services. On multivariate analysis, the use of cephalosporins, which is not a rst-choice agent, in patients treated as outpatients was the only signi cant factor associated with cost increases (1.41 times) (p<0.001). However, in the case of inpatient care, none of the antibiotics was associated with signi cant cost increases.
Cost-savings
The PSI could not be calculated in 11 patients with missing values. Therefore, the PSI was calculated in 123 of the 134 patients treated as inpatients. In 78 patients admitted to hospital, PSI risk classes were <IV. In 30% of these patients, there were no reasons for inpatient care; thus it was considered that 15.7% of hospital admissions for communityacquired pneumonia were inappropriate. Treatment of these cases in the ambulatory setting would reduce the overall cost of treating community-acquired pneumonia by 14%.
In patients admitted to hospital, fever subsided after a mean ¡ SD of 4.2 ¡ 11.7 days and there were no reasons to justify prolongation of hospitalisation in 46.5% of cases. In the remaining 53.5%, the reasons for continuing hospitalisation were respiratory failure in 26 cases, pleuritic pain in ve, inability to maintain oral intake in three, tachypnoea in two and tachycardia in one. The length of stay for patients with inappropriate prolongation of hospitalisation was 8.9 ¡ 4.1 days compared to the proposed length of stay of 5.4 ¡ 3.6 days. A total of 242 avoidable days of hospitalisation were recorded. The reduction in hospital stay would represent a decrease in the cost of treating community-acquired pneumonia of 8.1%, which would result in an annual reduction in costs of 17.4%.
Discussion
Of the 224 episodes of community-acquired pneumonia, 8.5% were attended at private institutions, a datum that is dif cult to compare with other studies since the use of private healthcare resources depends on the healthcare system of each study area. Despite the fact that primary care plays an important role in the management of community-acquired pneumonia, the low diagnostic yield (20% of cases) at this level is surprising. This may be explained by the lack of availability of chest radiography such that many patients are referred to the hospital emergency department, as well as for the tendency of patients in Maresme to seek care directly from the hospital emergency service [24] . A study carried out in Spain in the primary care setting showed that 29.7% of cases of community-acquired pneumonia were diagnosed at hospital emergency services [25] . In the study of WEINGARTEN et al. [26] , 55% of diagnoses of community-acquired pneumonia were established at the emergency department.
After discharge from hospital, 44% of patients visited both Data are presented as mean ¡ SD cost per case (% total cost). " : euro.
the outpatient clinics of the hospital and primary care centres; thus 96.6% of patients attended at least one consultation with their practitioner. It should be noted that 10% of patients attended at the hospital emergency service and referred for ambulatory care were given appointments to visit the same service, although the management of these patients could had been performed at a less costly level, such as primary care. A total of 500 visits attributable to community-acquired pneumonia, including the three levels of primary care, hospital emergency departments and hospital outpatient clinics were made annually. The present percentage of patients receiving inpatient care of 59.8 is greater than the 18-50% reported in other population-based studies [27, 28] . This may be explained by several factors, including easy access to the hospital [29] and availability of beds, the age of the population, comorbidity and subjective criteria in the decision to hospitalise in the local setting of Maresme. However, it has been shown that attending physicians always tend towards admission rather than outpatient care if there is any doubt about outcome [2] , and that the physician9s speciality also in uences determination of the initial site of care [13] . The mean length of hospitalisation of 3.3 days is consistent with data reported in other studies [18, 30] .
A total of 18.6% of the patients admitted to hospital had had antibiotic treatment initiated before diagnosis, a percentage much lower than the 40% reported by others [29, 31] , and probably due to rapid consultation at the hospital emergency department at the onset of symptoms. Macrolides were the class of antibiotic most frequently prescribed. This is in accordance with the recommendations of the Spanish Society of Respiratory Diseases at the time of the study [32] . Conversely, GILBERT et al. [30] identi ed macrolides as the most favourable cost-effective agents in >2,000 patients with community-acquired pneumonia in the Pneumonia patient Outcomes Research Team multicentric study. Cephalosporins were the second antimicrobials prescribed ahead of penicillins, which is a relevant fact given that cephalosporins are not rst-line antibiotics in the ambulatory treatment of communityacquired pneumonia and are associated with a signi cant cost increase. The mean duration of outpatient antibiotic treatment was 14 days, somewhat longer than the 8-10 days proposed for low-risk classes of community-acquired pneumonia [32] . Intravenous antibiotic treatment lasted for 6.6 days, which is similar to data reported in other studies [18, 28, 30] . However, 2-3 days of intravenous antibiotic therapy may be equally effective and would be associated with a decrease in the length of stay and reduction of cost in low-risk classes [18, 21] . In the present study, it is possible that the high percentage of patients receiving inpatient care and prolonged hospitalisation were related to the absence of readmissions (4.1-14.1% in the literature) [11, 26, 30] or admission of patients initially treated as outpatients (2.8-7 .1% in the literature) [30, 31] . The time interval from clinical resolution to a return to normal daily activities of 22 days is longer than the 6-8 days reported for patients with low-risk classes in some studies [26, 28] but shorter than the intervals of >40 days reported by others [13] . Delay in returning to normal activities may be related to the persistence of some symptoms, such as asthenia, especially in Chlamydia pneumonia [33] , or to the time awaiting radiological resolution. Although, in older patients, there was a greater delay in returning to normal activities, differences compared to patients aged <65 yrs were not signi cant.
In the present study, the only source used for estimating the direct costs of both outpatient and inpatient care was the of cial registered fees of the Catalonian healthcare service, the governmental body providing free public healthcare services for all citizens in Catalonia. Although the method applied is perfectly adequate for the entire autonomous community of Catalonia and the present results would probably be generalisable to other autonomous communities in Spain, the marked differences in the healthcare systems of different countries are an important limitation to the external validity of this study. However, valid inferences may probably be established for the percentages of costs related to the different levels of care, particularly in many European countries, in which primary care is a rst-line healthcare system, completely different from that in the USA and Canada.
Of the 205 patients treated in the public healthcare system, 59.8% were treated as inpatients and accounted for 92% of the annual costs of community-acquired pneumonia. A large study carried out by GUEST and MORRIS et al. [4] in 1992/1993 using data from the National Health Service in the UK found that the 32% of all episodes of community-acquired pneumonia treated in hospital accounted for 96% of the annual cost. NIEDERMAN et al. [5] and WITTLE et al. [13] in the USA have reported that 95 and 81%, respectively, of the overall costs of treating pneumonia were associated with inpatient care. In the study of BIRNBAUM et al. [34] , carried out in employed persons, this percentage decreased to 63.
The cost of treating a patient with community-acquired pneumonia in hospital was " 1,553, 7.9 times higher than for outpatient care ( " 196) . If the comparison was made with community-acquired pneumonias exclusively treated in the primary care setting, this proportion increased to 12.2. In other nonpopulation-based studies, the direct costs of inpatient care were 4.4 and 8.0 times higher than those of outpatient care [11, 13] . In other studies carried out in Spain, the direct costs of inpatient care were " 1,210 [11] and 1,847 [10] , respectively, with " 149 for patients attended in hospital outpatient clinics [11] and " 72 in ambulatory paediatric patients [12] . When patients were strati ed by age, the cost of treating patients aged >65 yrs was signi cantly higher than that in patients aged <65 yrs, but older age was not an independent predictor of costs in the logistic regression analysis, probably due to the effect of other variables, such as severity of illness and comorbidity. Conversely, the percentage of cases of community-acquired pneumonia not diagnosed at the initial visit suggests that primary care physicians are reluctant to order chest radiographs in febrile episodes. The need to perform radiographic studies in the primary care setting is controversial. In Europe, there is a trend towards treating pneumonia without radiological con rmation because it is considered that, given the low cost of ambulatory treatment, a 25% diagnostic error would represent a 1% variation in cost [4] . However, if more radiographic studies were performed in the primary care setting, the diagnostic yield would increase, which, in turn, would contribute to reducing the number of consultations at hospital emergency services and the possibility of inappropriate admissions to hospital. Moreover, radiological con rmation of the pneumonic in ltrate is important given that it has been shown that previous respiratory infection is a risk factor for community-acquired pneumonia [35] . Conversely, if the 51 patients tentatively diagnosed as having communityacquired pneumonia in whom the diagnosis was not con rmed had been included in the present study, the annual cost would have been increased by 18%. For this reason, it is important to extend the radiographic follow-up of patients until resolution in order to prevent the inclusion of false negative cases.
The variability in direct costs is explained principally by the length of stay [36] , and there is general agreement that a substantial number of patients with communityacquired pneumonia that could be treated as outpatients are hospitalised [11] . Data from the present study indicate that 14% of hospital admissions could be avoided, with a reduction in the total costs of community-acquired pneumonia attributable to hospitalised patients from 92.0 to 88.6%. In other studies using different methods and from the hospital perspective, a 26 or 36% rate of inappropriate hospital admissions has been reported [11, 17] . The present results should be interpreted taking into account the fact that the data required for calculation of the PSI score were collected retrospectively and that such data were not obtained for ambulatory patients. Moreover, a number of patients were excluded from the calculation of the PSI score due to missing values. However, the present ndings are consistent with the results of others reporting a mean reduction in the length of hospital stay of 2 days [29] . It should be noted that 22% of patients could have been discharged from hospital during the rst 3 days after admission, and so short hospitalisations followed by care at other levels (primary care, home-care services, hospital outpatient clinics or skilled nursing facilities) should be strongly considered. Although cost-savings due to inappropriate hospital stays were 8.1%, this percentage should be lower because it was calculated according to the mean cost of hospital stay despite it being known that 32% of costs are consumed during the rst 2 days of hospitalisation and that costs decrease thereafter [16] . Overall, 242 avoidable days in hospital were estimated, a gure lower than what might be expected taking into account the high percentage of inpatient care in the present study, and compared with the results of GONZALEZ-MORALEJA et al. [11] , who reported 352 inappropriate days of hospitalisation in 131 patients. In addition, reduction in the consumption of resources should be assessed from the point of view of marginal costs. Thus the fact of being hospitalised for a shorter period may be associated with an increase in the number of readmissions as well as an increase in the number of patients initially treated in the primary care setting that require further admission to hospital, such that the percentage of cost reduction of 17.4 may vary substantially.
It is concluded that community-acquired pneumonia exerts an important economic burden with consumption of resources related to a high percentage of inpatient care, long duration of antibiotic therapy and a considerable number of visits at different healthcare levels.
